Abstract: Semantic processing abnormalities are predicted to underlie thought disorder in schizophrenia. This study investigated semantic processing in relation to cognitive disorganization in schizotypy, a thought disorder analog. Schizotypy was measured in 53 healthy university students using the Oxford-Liverpool Inventory of Feelings and Experiences questionnaire. All participants completed 2 semantic priming tasks; direct and indirect (referring to the degree of association between word pair stimuli) and within each task, half of the stimuli were presented with a short time interval between prime and target presentation and half with a long time interval. Correlational analyses suggested that increasing cognitive disorganization was significantly associated with greater priming on the indirect tasks only. Separate analyses of the male and female data also revealed that men scoring highly on cognitive disorganization exhibited more indirect priming and less direct priming, whereas the female schizotypy data showed no significant correlations with either priming task. These findings are indicative of abnormal indirect priming in schizotypy, which was more pronounced in the male participant group. The findings of the present study further support the proposal that semantic processing is abnormal in schizophrenia, without the presence of potentially confounding factors that have limited research with clinical populations.
R esearch suggests that thought disorder in schizophrenia may arise from abnormalities in semantic memory processing (Goldberg et al., 1998) . Semantic memory is argued to be organized in a series of interlinked networks in which words or concepts are represented by nodes; further, associated words are proposed to be stored as nodes in close proximity to each other, whereas unassociated words are stored further apart (McNamara, 2005) . The spreading activation model hypothesizes that the processing of semantic information occurs via activation spreading within semantic memory (Collins and Loftus, 1975) . Possibly, the most widely used technique for investigating semantic memory processing is semantic priming (Neely, 1991) . A lexical decision, word recognition priming task involves the presentation of 2 word stimuli in quick succession; the first word is known as the prime and the second word as the target. Respondents are asked to indicate whether or not the target is a real word. Performance is measured using accuracy and reaction time data. A semantic priming effect is inferred when there is an improvement in reaction times and accuracy when the target word (e.g., tiger) is preceded by a semantically associated word (e.g., lion) (McNamara, 2005) . Semantic priming procedures have been readily applied to semantic memory research and, in recent years, their use in schizophrenia research has increased substantially (Spitzer, 1993) . Research suggests that in schizophrenia semantic representations are disorganized and that spreading activation processes may be abnormal (Spitzer, 1997) . These cognitive abnormalities are presumed to underlie a number of thought disorder symptoms in patients diagnosed with schizophrenia.
The literature regarding semantic priming in schizophrenia is inconsistent (Rossell et al., 2000) ; some authors report increased priming (Moritz et al., 2001) , whereas others report decreased priming (Condray et al., 1999; Rossell et al., 2000) and last, some authors suggest that patients diagnosed with schizophrenia exhibit no differences in priming when compared with healthy individuals (Henik et al., 1992) . These inconsistencies have been attributed to a number of confounding factors that limit research with symptomatic clinical patients, including illness duration and medication usage (Moritz et al., 2001) . Recently, analog research approaches have aimed to overcome these confounding factors. This approach uses a growing body of evidence, which has suggested that a continuum of symptoms may exist between healthy schizotypic personality traits and fully blown schizo-phrenia symptoms (Badcock and Dragovic, 2006; Verdoux and van Os, 2002) . The continuum approach implies that at one end of the continuum are individuals who experience fully symptomatic psychoses and further along the continuum, toward the healthy end, are the nonsymptomatic individuals who have personality traits that may mark a proneness to psychosis (Verdoux and van Os, 2002) .
There have been few studies that have examined semantic priming in relation to schizotypy. Furthermore, as in schizophrenia research, the results of semantic priming studies in schizotypy have been inconsistent (Morgan et al., 2006) . These inconsistencies have been explained with reference to a number of methodological considerations. Importantly, some schizotypy assessment scales have been criticized for their validity in analog research designs. For example, Raine's (Raine 1991) Schizotypal Personality Questionnaire has been criticized because the items within it are representative of more clinical schizotypal personality disorders (Mason and Claridge, 2006) . The current study aims to overcome this criticism by utilizing the OxfordLiverpool Inventory of Feelings and Experiences (O-LIFE: Mason et al., 1995) . The O-LIFE is a more recent nonclinical, schizotypy assessment scale that consists of 159 items that measure 4 distinct schizotypy dimensions; cognitive disorganization, unusual experiences, introvertive anhedonia, and impulsive nonconformity. The cognitive disorganization dimension assesses deficits in attention, concentration, and decision making, together with a sense of purposelessness, moodiness, and social anxiety and it is this dimension that is of greatest interest in the present study as it most closely approximates to thought disorder symptoms in schizophrenia (Mason et al., 1995) .
Closer analysis of semantic priming task methodology may also account for variations in schizotypy research findings. Within priming tasks a number of variables have been manipulated to investigate different aspects of semantic memory processing, for example, stimulus onset asynchrony (SOA) manipulation examines the relative contributions of automatic and controlled processes (Morgan et al., 2006) . SOA is the duration from the beginning of prime presentation to the beginning of the target presentation. It is inferred that automatic processes occur early in processing with little demand on attention, whereas controlled processes occur later in processing and make use of 2 strategic processes; namely expectancy effects and semantic matching (McNamara, 2005) . Controlled mechanisms require conscious strategic processing and can, therefore, only occur at longer SOAs. There has been disagreement regarding the actual SOA durations required to examine the relative contributions of automatic and controlled processes, however, evidence suggests that SOAs below 500 milliseconds tap automatic processes and SOAs above 500 milliseconds tap controlled/conscious processes (Moritz et al., 2001 ; for further information about SOA, see McNamara, 2005) . There is also disagreement about whether controlled or automatic processes are more impaired in patients diagnosed with schizophrenia (Barch et al., 1994; Moritz et al., 2001) . Some research suggests that semantic processing deficits are fundamentally associated with impairments in automatic processes but other research indicates that controlled processes are more impaired (Morgan et al., 2006) . There have only been 2 schizotypy studies to manipulate SOA (Morgan et al., 2006; Moritz et al., 1999) . Briefly, Morgan et al. (2006) found that there was less priming in high schizotypes at a short SOA (200 milliseconds) compared with a low schizotypy group, and more priming at a long SOA (750 milliseconds) in high schizotypes when compared with the low schizotypy group. These findings imply that high schizotypes exhibited deficient automatic processing but exhibited enhanced compensatory controlled processes. Conversely, Moritz et al. (1999) found that highly schizotypal individuals exhibited more priming at a short SOA (200 milliseconds), but exhibited no priming differences at a long SOA (700 milliseconds), compared with a low schizotypy group. These results are seemingly indicative of enhanced automatic processes, whereas controlled processes remain seemingly unaffected by schizotypy status. Differences in experimental design may explain these opposing findings, i.e., how their schizotypy groups were defined, and suggests that further research using an SOA manipulation is warranted.
In addition, the associative strength of word pairs can be manipulated. For example, associated word pairs can be directly associated (e.g., "dog" and "cat"), or indirectly associated (e.g., "lion" and "stripe"). An indirectly associated pair is linked via a mediating word that is not presented, such as lion-"tiger"-stripes (tiger is not presented). Previous research with schizophrenia populations has demonstrated that indirect priming is more abnormal than direct priming (Rossell and Stefanovic, 2007) . This is speculated to be due to schizophrenia patients producing fewer meaning based associations between words, and making more indirect associations than do controls (Moritz et al., 2001; Spitzer, 1997) . Such findings make sense when the symptomatology of schizophrenia is considered; thinking in schizophrenia is often described as being disorganized, loose and mediated by indirect associations (Rossell et al., 2000) . This may be due to the illogical storage of semantic information, in that, the nodes in the semantic network are aberrantly linked and indirectly associated words are stored within close proximity to each other (Rossell and David, 2006) . Alternatively, there may be an access deficit where the spreading activation in schizophrenia may be faster and reach further to words and concepts that are indirectly associated to the prime. The manipulation of the associative strength of word pairs has not, as yet, been extensively explored in schizotypy.
In summary, research examining semantic priming and schizotypy in a healthy population, as opposed to a clinical population, aims to minimize the effects of confounding variables. Previous research has suggested that abnormal priming in schizotypy indicates an underlying cognitive disorganization that is comparable with thought disorder in schizophrenia. As discussed, SOA and the associative strength of word pairs may prove to be useful variables for manipulation in schizotypy research designs. Accordingly, this study will examine direct and indirect semantic priming, while also manipulating SOAs to determine if there are any specific deficits in controlled or automatic processing, in relation to schizotypy.
Thus, we hypothesize the following: (1) there will be a positive correlation between cognitive disorganization and indirect semantic priming (short and long SOA); that will be significantly greater than the correlation between cognitive disorganization and direct semantic priming; (2) in accordance with Morgan et al. (2006) , cognitive disorganization will be negatively associated with direct priming at the short SOA (negative correlation), indicating abnormal automatic processes are present with greater levels of cognitive disorganization; and (3) cognitive disorganization will be positively associated with direct priming at the long SOA, because of the compensatory effects of controlled processing.
METHOD Design
A predictive correlational design was used to examine the relationship between semantic priming performance and schizotypy in a healthy sample. Semantic priming performance was measured as reaction times (RTs), and was investigated via a standardized laboratory task in which 2 dependent variables were manipulated; stimulus onset asynchrony (SOA-short and long) and associative strength of word pairs (direct and indirect). A correlational design was employed for a number of methodological reasons. Firstly, because of time and sample size restrictions there was no opportunity to prescreen participants to recruit only low and high-scoring participants as was conducted in Morgan et al., (2006) study. Furthermore, the present study considered schizotypy using a continuum approach. Prescreening techniques and median-split designs give a false representation of schizotypy in a healthy population as they dichotomize participants as either high or low scorers.
Participants
Fifty-four native English-speaking adult students were recruited from the University of Melbourne undergraduate Psychology Research Participation Program. Participants volunteered as a component of their first-year psychology studies. Participants were screened for previous mental illness and antipsychotic or antidepressant medication use. One participant indicated a positive history of past medication use, and thus this participant's data was excluded from the sample, resulting in a total sample size of 53.
Materials Schizotypy
Schizotypy was assessed using the O-LIFE (Mason et al., 1995) . The O-LIFE is a self-report scale consisting of 159 yes/no response items and takes approximately 10 minutes to complete. The questionnaire comprises 4 schizotypy subscales: (1) unusual experiences (30 items), (2) cognitive disorganization (24 items), (3) introvertive anhedonia (27 items), and (4) impulsive nonconformity (23 items).
Semantic Priming Task
Semantic processing was assessed using a computerbased semantic priming task, which had 2 conditions; direct and indirect. Within these 2 conditions, stimuli were further randomly divided so that 50% were presented with a short SOA (250 milliseconds) and 50% with a long SOA (750 milliseconds). Each priming task condition took approximately 10 minutes to complete. For both the direct and indirect conditions the stimuli were 300 real words and 60 nonwords. Nonwords are pronounceable letter strings (e.g., "pont"), which were selected from the Australian Research Council (ARC) nonword database (Rastle et al., 2002) . No stimuli were repeated across conditions and all stimuli had between 3 and 8 letters. Stimuli were arranged into 180 prime-target pairs; 120 word-word pairs; and 60 wordnonword pairs. All of the 120 word-word pairs were semantically associated. In the direct condition, the stimuli were directly semantically associated. Association values were ascertained for each word-word pair using the Edinburgh Association Thesaurus (EAT: Kiss et al., 1973) ; and for the purpose of this study only word pairs with association values over 10 (maximum 95) were used. In the indirect task, the word-word pairs were indirectly semantically associated, that is they were the product of combining 2 directly associated pairs, for example lion-tiger and tiger-stripes would form lion-stripes. The indirectly associated pairs had an association value of less than 10 in the EAT.
For both conditions (direct and indirect) 2 identical word-word pair lists were created (A and B) . In list A, 60 word-word pairs maintained their associative relationship, whereas the pairing of the remaining 60 was rearranged so that they became unassociated word-word pairs. In list B, these relationships were counterbalanced so that the word pairs which remained associated in list A were randomly reassigned to create unassociated pairs. These pairs were checked after assignment, using the EAT, to ensure that they were unassociated. This resulted in 4 word pair lists for each condition (direct and indirect), containing both associated and unassociated word pairs. All prime-target word pairs were further divided in half, with half presented at a short (250 milliseconds) SOA and half at a long (750 milliseconds) SOA. The word-nonword trials were randomly presented throughout the 4 lists and each final list contained associated, unassociated and word-nonword pairs, with 50% at a short SOA and 50% at a long SOA. The ordering of the trials was pseudorandomized in each list so that no trial type occurred more than 3 times in succession. Participants were pseudorandomly assigned so that all 4 word lists, within each condition, were completed equally.
The stimuli were presented centrally on a computer screen. All letters were in lower case Times New Roman with a 44-point font. Primes were presented for 200 milliseconds, with a 50-millisecond (short SOA) or 550-millisecond (long SOA) blank screen followed by the target for 200 milliseconds. Between trials a blank screen was presented for 2500 milliseconds. After target presentation participants were instructed to indicate, as quickly as possible, whether the target word only was a real word or not. Responses were made via a 2-button press (Y/N) on a keyboard, and participants were instructed to use the index finger of their dominant hand only. Accuracy (percentage correct) and RTs to correct responses only, for the associated, unassociated and word-nonword pairs, at both short and long SOA, were recorded.
Preliminary analyses (see Semantic Priming Task results) indicated that priming had occurred and as such priming effects for each individual were calculated by subtracting the mean RT for the associated word pairs from mean RT for the unassociated word pairs. Thus, 4 priming effects were calculated; direct priming effect (short SOA), direct priming effect (long SOA), indirect priming effect (short SOA), and indirect priming effect (long SOA).
Intelligence
To ensure that intelligence did not confound results, IQ was estimated using the National Adult Reading Test (NART: Nelson, 1982) .
Procedure
All participants gave written, informed consent and all procedures were approved by the University of Melbourne Human Research Ethics Committee. This research was conducted at the Mental Health Research Institute. All participants completed the O-LIFE questionnaire, followed by the semantic priming task and the National Adult Reading Test.
Data Analysis
To ascertain whether the semantic priming task showed the predicted semantic priming effects, the RT data was entered into a repeated-measures ANOVA. The 2 ϫ 2 ϫ 2 ANOVA examined the following within-subjects factors: association type (associated, unassociated), condition (direct, indirect), and SOA (short, long). All data were screened for normalcy using the Shapiro-Wilks normalcy statistical test (Shapiro and Wilks, 1965) . Where data conformed to a normal distribution, Pearson product-moment correlations were conducted, first to determine any relationships between intelligence and priming effects; and second, to establish any relationships between the priming effects and schizotypy scores. Where data did not conform to a normal distribution, Spearman rank order correlations were calculated. The direction of the relationship between the cognitive disorganization subscale and the indirect priming effects was predicted, thus, one-tailed tests for this subscale were employed (Aron and Aron, 1999). As no directional predictions for the relationship between priming and the other 3 subscales were made two-tailed tests were used for these correlations. Finally, to ensure that there were no significant differences between men and women, gender was added into the initial repeated-measures ANOVA. Surprisingly there was a significant interaction involving gender, SOA and association type. This warranted the separate analyses of male and female data. Using Pearson product-moment correlations any differential relationships between priming and schizotypy across the 2 gender groups was explored. An alpha level of 0.05 was used for all statistical tests.
RESULTS

Sample Characteristics
Sample characteristics are contained in Table 1 . There were no significant age or IQ differences between men and women.
Semantic Priming Task
All participants achieved accuracy rates above the 80% threshold, thus no data was excluded and it was assumed that all participants were adequately engaged with the task. The mean accuracy scores and RTs for the different trial types are contained in Table 2 . RT data was entered into a 2 ϫ 2 ϫ 2 repeated-measures ANOVA. A significant main effect emerged for the association type factor ͓F (1,52) ϭ 39.79, p Ͻ 0.001͔; indicating that RTs were faster for the associated word pairs (M ϭ 648.5 milliseconds) than the unassociated word pairs (M ϭ 672.4 milliseconds). This confirmed that priming had occurred, and allowed priming effects to be calculated for each participant (priming effect ϭ unassociated RT Ϫ associated RT). There were no further main effects. There was a significant interaction between association type and condition ͓F (1,52) ϭ 4.11, p Ͻ 0.05͔; this interaction indicated that there was a different degree of priming for the direct (31.1 millisecond) and indirect (16.8 milliseconds) conditions, t (52) ϭ 2.03, p Ͻ 0.05. There were no further interactions.
Intelligence
The data from this sample did not show any significant relationships between semantic processing and intelligence. There were no significant correlations between IQ and priming (p Ͼ 0.05). 
Schizotypy and Priming
The mean scores on the 4 O-LIFE subscales (overall and split by gender) are presented in Table 1 . There were no significant differences between men and women on any of the O-LIFE subscales. Table 3 shows the correlations between the priming effects and the 4 schizotypy subscale scores. As hypothesized, cognitive disorganization showed a significant positive correlation with indirect priming at a short SOA (r ϭ 0.27, p Ͻ 0.05) but not at the long SOA (r ϭ 0.09, p Ͼ 0.05). The correlation between cognitive disorganization and indirect priming overall (combined short and long SOA) was significant (r ϭ 0.26, p Ͻ 0.05). Unexpectedly, there were no significant correlations between cognitive disorganization and the direct priming effects; and the differences between the direct and indirect correlation coefficients were not statistically significant ͓t (50) ϭ Ϫ1.18, p Ͼ 0.05͔ (short SOA) and ͓t (50) ϭ Ϫ0.30, p Ͼ 0.05͔ (long SOA).
Interestingly, the correlation between unusual experiences and indirect priming at a short SOA approached significance (r ϭ 0.24, p ϭ 0.08). As expected there were no significant correlations between priming and the other subscales.
Gender Effects in Relation To SOA and Schizotypy
The 2 ϫ 2 ϫ 2 ANOVA was rerun with gender (male and female) as a between-subjects factor, resulting in a 2 ϫ 2 ϫ 2 ϫ 2 ANOVA, with the following within subjects factors; association type (associated, unassociated), condition (direct, indirect), SOA (short, long), and gender (male, female) as a between subjects factor. There was no main effect of gender ͓F (1,51) ϭ 1.634, p Ͼ 0.05͔. There was however a significant 3-way interaction between association type, SOA and gender ͓F (1,51) ϭ 4.55, p Ͻ 0.05͔. Women exhibited similar priming effects in both the short (24.9 milliseconds) and long (24.6 milliseconds) SOA trials ͓t (40) ϭ 0.04, p Ͼ 0.05͔. Men, however, exhibited a different priming pattern, showing a smaller priming effect at a short SOA (6.5 milliseconds), compared with a long SOA (35.6 milliseconds) ͓t (11) ϭ Ϫ2.50, p Ͻ 0.05͔. Because of the gender ϫ SOA interaction, we examined whether gender influenced the relationship between direct and indirect priming and cognitive disorganization (see Table 3 ).
Interestingly, women showed no significant correlations between cognitive disorganization and any of the priming effects. However, the men showed a large significant positive correlation between cognitive disorganization and indirect priming at the short SOA (p Ͻ 0.001) and a trend toward a positive correlation at the long SOA (p ϭ 0.06). The correlation was significantly greater for men than women at a short SOA (z ϭ 2.92, p Ͻ 0.05) but not at a long SOA (z ϭ 1.31, p Ͼ 0.05). Additionally, cognitive disorganization, in the men only, showed a weak negative correlation with direct priming at a short SOA (r ϭ Ϫ0.19, p ϭ 0.28), and a weak positive correlation with direct priming at a long SOA (r ϭ 0.26, p ϭ 0.20). Although both of these correlations were not significant, the r values represent trends in the hypothesized directions.
DISCUSSION
The aim of the present study was to investigate semantic memory processing in schizotypy using a semantic priming task. A key finding was the significant positive correlation between the O-LIFE subscale, cognitive disorganization, and indirect priming at a short SOA. In addition, cognitive disorganization was not significantly correlated with direct priming. Further, analysis of the male data demonstrated that elevated cognitive disorganization scores were associated with less direct priming at a short SOA and more direct priming at a long SOA, although these patterns were only trends. Importantly, the results of the present study demonstrate that semantic processing is abnormal in healthy individuals with elevated schizotypy scores.
Within the present study, only indirect priming and schizotypy showed significant correlations. Schizophrenia research suggests that thought disordered patients tend to make more indirect, mediated associations within semantic memory (Spitzer, 1997) , and as such indirect priming paradigms have been employed in clinical semantic memory research. Research examining patients with symptomatic schizophrenia has found that thought disordered patients exhibit indirect priming effects even at a short SOA (200 milliseconds) whereas controls do not . The present study was the first to specifically explore indirect priming and schizotypy in a healthy population. The results obtained are consistent with the proposal that indirect priming is abnormal in healthy individuals with elevated schizotypy scores as there was a significant positive correlation between indirect priming and cognitive disorganization at a short SOA, and at the long SOA this relationship approached significance. Further, there was no significant relationship between cognitive disorganization and direct priming. However, in contrast to our prediction there was not a significant difference between the correlations in the direct and indirect priming conditions. The reasons for a nonsignificant statistical difference may relate to the sample population, that is, the range of schizotypy scores was somewhat limited in this sample and future research should aim to manipulate the direct-indirect variable utilizing a larger sample population that contains a greater spread of schizotypy scores. Despite this, the results obtained still offer support for the proposal that indirect priming is more abnormal in individuals with elevated schizotypy scores. This may be because these participants made fewer meaning based associations between words and made more indirect associations. These results do not suggest that all semantic word associations are made aberrantly in individuals with elevated schizotypy scores or in patients diagnosed with schizophrenia. Rather, these findings indicate that abnormal indirect associations within the semantic network are more likely in individuals with elevated schizotypy scores and in patients diagnosed with schizophrenia.
It should be mentioned that there was a trend toward an association between unusual experiences and the indirect priming at a short SOA. A similar association was reported in Morgan et al. (2006) ; they speculated that abnormal semantic processes may be additionally associated with delusional thinking, which is reflected in the unusual experiences subscale. Delusions are commonly defined as being abnormal beliefs, however, it has also been suggested that delusions may simply be statements or inferences that are based upon a faulty knowledge base (Rossell et al., 1998) . A faulty knowledge-base is speculated to originate within semantic memory and associations between delusions and semantic processing abnormalities have also been reported in schizophrenia research (Rossell et al., 1998 (Rossell et al., , 2000 . Specifically, Rossell et al. (1998) reported that the nature of semantic processing abnormalities corresponded directly with the themes of patient's delusional beliefs. Thus, specific semantic processing abnormalities may be directly associated with delusional themes and this may be why some semantic information is processed abnormally whereas other semantic information remains unimpaired. Clinical and analog research findings thus imply that abnormal semantic processes may be associated with unusual perceptual experiences. In patients diagnosed with schizophrenia, abnormal semantic processing may be directly associated with individual patients delusional thought patterns (Morgan et al., 2006; Rossell et al., 1998 Rossell et al., , 2000 .
To examine the specific influences of automatic and controlled processes on semantic priming in schizotypy, Morgan et al. (2006) used a direct priming task. The present study did not replicate their findings in the overall participant group. However, when the male data was considered separately it showed similar trends to Morgan et al.'s (2006) study. Men with elevated schizotypy scores exhibited less direct priming at a short SOA and more direct priming at a long SOA. These findings may be indicative of an automatic processing impairment coupled with enhanced, compensatory controlled processes, such as expectancy effects and semantic matching. Further the present study determined the relative contributions of automatic and controlled processes during indirect priming. Participants with elevated cognitive disorganization scores exhibited more indirect priming at a short SOA, indicating more efficient, but abnormal, automatic processing. Interestingly there was no significant correlation between cognitive disorganization and indirect priming at a long SOA. Speculatively, we can presume that at a long SOA there was a greater time for controlled processes to come into effect. Hence, indirect priming at the long SOA was not governed by abnormal semantic processing and controlled processes were seemingly intact across the sample. Contrary to our hypotheses these findings do not indicate that controlled processes are significantly enhanced in individuals with elevated schizotypy scores, but fall within normal ranges. Interestingly, when male and female participants were analyzed separately we can see that only the male data contributed to this finding. This is indicative of gender differences in the ways that the semantic stimuli were processed and also suggests that male participants exhibited heightened abnormalities when compared with female participants. In summary, the present findings indicate that automatic semantic processes are abnormal in schizotypy; however, the specific nature of this abnormality is not yet fully understood.
The processing differences exhibited in the direct and indirect semantic priming conditions may be explained by 2 broad mechanisms that are suggested to underlie abnormal semantic processing. The priming literature suggests that abnormalities may be due to a problem in the access to, or storage of semantic information (Rossell and David, 2006) . The spreading activation model implies that the access to the semantic network is abnormal (Spitzer, 1997) . In an indirect priming task, increased and further reaching spreading activation results in access to words that are stored further apart in the semantic network and are thus indirectly associated with the prime (Spitzer, 1997) . On the other hand, a storage deficit occurs when semantic information is stored incorrectly within the network, resulting in illogical and indirect connections between words (Rossell and David, 2006) . There have been few attempts to address the exact mechanism (access or storage) behind semantic processing abnormalities in schizophrenia and results have been inconsistent, but more recently have suggested a storage deficit (Rossell and David, 2006) . There is currently only one schizotypy study to have specifically investigated whether semantic processing abnormalities are due to access or storage deficits (Morgan et al., 2006) . Although the present study did not seek to specifically investigate the access-storage dichotomy, the results obtained may be indicative of a storage deficit. Indirectly associated words may be stored in close proximity within the semantic network and directly associated words may be stored further apart, resulting in enhanced automatic processing of indirect stimuli
The Journal of Nervous and Mental Disease • Volume 196, Number 9, September 2008 Semantic Processing Abnormalities and impaired automatic processing of direct stimuli, as was exhibited by our participants. Another important finding within the present study was that there were apparent processing differences in the male and female participants. These processing differences are not simply accounted for by differences in male and female schizotypy scores as there were none. Thus, there may be specific differences between men and women, in the way that underlying cognitive disorganization influences semantic processing. The results obtained indicate that abnormal semantic processes are more evident in men with elevated schizotypy scores compared with women with elevated schizotypy scores. To date, no semantic priming studies have reported gender differences in relation to schizotypy. Gender differences in relation to schizotypy have, however, been reported in performance on other cognitive processing tasks (Lubow and De la Casa, 2002; Lubow et al., 2001) . These findings, coupled with the findings of the present study have implications for schizophrenia research. It is generally accepted that schizophrenia symptoms show sexual dimorphism; male patients reportedly have an earlier onset with poorer cognitive functioning, poorer treatment response and poorer outcome than female patients (Grossman et al., 2006) , suggesting that male patients may present with more symptoms that have an underlying cognitive basis, such as thought disorder symptoms. The current findings may support this conclusion as high-scoring male participants exhibited more pronounced semantic processing abnormalities than high-scoring women. Semantic processing abnormalities are proposed to underlie thought disorder symptoms in schizophrenia and the present study's findings implicate semantic processing abnormalities as being central to the more pronounced cognitive symptoms experienced by male patients diagnosed with schizophrenia. In addition, differences between the gender groups may indicate another possible reason for inconsistent results in both clinical and schizotypy research. Previous research had not always taken into account gender and as such results may have been confounded because of uneven numbers of male and female participants. The results of the present study recommend that gender should be considered as an important variable in future research designs.
The major limitation of the present study was the limited sample population. Future research should aim to replicate this study with a larger sample population that includes equal numbers of male and female participants. In addition, future designs incorporating both direct and indirect priming tasks may be useful in addressing the underlying mechanism (access or storage) for semantic processing abnormalities in both schizotypy and schizophrenia populations.
CONCLUSIONS
In conclusion, the present study supports the proposal that cognitive disorganization is present in schizotypy. Central to cognitive deficits in schizotypy are a number of semantic processing abnormalities. The key finding of the present study was that indirect semantic processing is evidently abnormal in schizotypy. This abnormality seemingly results from enhanced automatic processing that may be due to both increased spreading activation within the semantic network and the illogical storage of semantic information. Contrary to our hypothesis, controlled processes remain seemingly intact in schizotypy. Interestingly, male and female participants exhibited different priming patterns and abnormal semantic processes were more pronounced in highscoring men. Perhaps most importantly, the results of the present study confirm that an analog research approach is an appropriate and useful method for investigating cognitive disorganization in schizophrenia, without the presence of the numerous potentially confounding factors that limit research with symptomatic clinical populations.
